The model suggested by Ashby and Coble was used to analyze the sintering process of pure titanium in this paper.
1 Introduction A series of titanium alloys for implant use have been developed due to their superior bio-compatibility, enhanced corrosion resistance and lower elastic modulus when compared to conventional stainless steels and cobalt-based alloys, including the first generation (Ti-6A1-7Nb, Ti-5A1-2.5Fe) and the second generation (Ti-13Nb-13Zr, Ti15Zr-4Nb-4Ta-0.2Pd etc.). Recently, attention has been paid to developing low cost manufacturing process because, looking at the overall cost of titanium alloy implants, manufacturing cost is much higher than that of raw material due to high activity of molten titanium alloy, machining difficulties and their delicate complex structure. For this purpose, powder metallurgy process has been developed as a feasible method of near net shape process.
In powder metallurgy process, finally aimed component is obtained by densifying its green compacts through sintering. Especially, control of micro-pores and structure evolution in the final products will be carried out by the optimization of sintering process. It is this porous structure that results in a combinational merit for both bio-compatibility and biofunctionlity by mechanically interlocking implant with growing bone and by decreasing Young's modulus, respectively.
Although conventional press and sinter powder metallurgy process has been used in manufacturing biomedical implants, there is still a possibility to reduce manufacturing costs further by considering that press and sintering powder metallurgy process is mainly superior to other processes only when used for large and complex shape parts.
For small and complex parts to which medical implant parts are applied, MIM (Metal Powder Injection Molding) process is thought to be a most promising powder metallurgy process.
In the previous papers, MIM process using blended powders has been used to the processing of titanium alloys (Ti-5A1-2.517e and Ti-6A1-4V) and mechanical properties of the resultant sintered compacts have been investigated. The objectives of this paper are to simulate the homogenizing process of alloying elements, Al and Fe, in the sintered compacts of Ti-5A1-2.5Fe using a model and to discuss how the phase transformation occurring during sintering is affected by homogenizing process and also to discuss the relationship between the homogenizing process and the sintering parameters.
2 Modeling the Homogenization of Alloying Elements Homogenization is mainly dominated by mass transport of diffusing elements, but it becomes complex when considering sintering which is also a mass transport process. It becomes more complex for sintering of alloy compacts blended with elemental powders, which are usually accompanied by phase transformation. In this study, by the use of the published model representing sintering mechanism, element diffusion behavior is calculated, and determination of parameters for analysis is suggested •¬(1)
•¬(2)
•¬(3)
•¬(4)
•¬ (5) •¬ (6) Cobel's model introduced in this paper is shown in Fig .2 and (7), (8) for Stage 2 and equation (9) for Stage 3 .
•¬ (7) •¬ (8) •¬(9) In the above equations (1) to (9) •¬(10) binary one according to the discussion in 2.2. Therefore, the diffusion coefficient of aluminum in titanium obtained by II0K0EB et al is used in this study.
On the other hand, the diffusion coefficient in titanium alloy is used with regard to iron. Table  2 . The results are shown in Fig.9 and Fig.10 . In Fig.9 , variation of iron concentration is drawn in every 10 minutes and aluminum in Fig.10 influence on the homogenizing diffusion.
5 Summary and Conclusion A crude model is applied to the present study, trying to combine homogenization with sintering process for fabricating alloy compacts using elemental powders.
Quantitative analysis has been carried out by numerical calculating method to show that the surface diffusion is a major factor during the first sintering stage and the alloying elements are considered to gather and distribute along the boundaries of the particles simultaneously. The aluminum element begins its homogenizing diffusion with the start of the second sintering stage until the ƒÀ phase transformation. With the proceeding of this ƒÀ phase transformation, iron element executes its homogenizing process. The sintering time calculated by considering the homogenizing process is in agreement with the observed structure of the sintered compacts obtained in the previous experiment.
